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relationships between computernetwork elements pro- 
vides a common database for storing node, type, and 
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network management sysiem. Vv^hen a new node is add- 
ed or parentage of a node ts changed, the views of a 
node are modified in a network dataoase. 
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The present invention relates to the field of comDui -'^ c. -ctornc ^□rH t-c-r rr>or^o 
in one particular embodiment the invention ^ro^sa rn^^^s^^^c^^^ ^^^^ More spec^icalV, 
of a computer network. « m...ioo a, .u aevice for managing and visualizing the topology 

As computer networks have developed and achieved wide acceotanca it ha« n^r.^^ 
such networks to have access to software and hardwar^ /n^fc no?f ; ^® necessan/ for managers of 

AS networks have increased in co^x ^so ha'e m^^^^ l^^^S^l '^"^^ 

packages for managing a network provide a wide rarge uncTonSitl nH^^^^^^ ^'"""^ management 

launchers, event request and filtering mechanisms Too^^nn IwS , ^ . ^ management application 

tistics. alarm correlation mechani:::;' ^^^^^Z^^^X^^^^^ ^ — e sta- 

packages is SunSoft's Solstice Enterprise Manaoar i i nth» Iw^ir °'^f' '^'"°'^9 most advanced of such 

Such systems have met with substantial success and are in fact consid«r«H ,^ k« 
However, certain challenges remain Forexamole whii^ tl ,^h J V '° be pioneering in the industry, 

menthas proven successful cer^rnLTatrnsTemainTJ^ T *° ''^♦^'^^^^ "'^"age- 

representingthelog^alandrhS:^^^^^^^^ 

ment system then access and may modify the looical an- nhvs, '-.'li^ h "^'^o^k manage- 

found that two views of the same network can be To, n^To k daianases. In some .nsiances it has been 

i'r,TanS'a™p^^ro?sr~Es~^^^^^ 

Views ofthe network using said nrv^r3naqem^^^^^ management users being arranged to display 

attributes, the views of the network re urda^edbvth J TT T «^^°"9h user modification of node 

embodimenttheviewsofrnet^ora emoc^^ 
parent relationships may be used to SSne a new^eT^^^^ 

It is thus possible toprovide imoraved 'oo.- toT^^^^ ^^""^^ ^° ^" °' ^ "o-^e. 

of a network. The system car^ r^S^n SabtsI^^^^^^^ 

Consistency can be mainfl^T^Srplaana a cLt^^^^^^ ^ ' '"^^'^^^ ""'"9 ^" ^^^^ -^odef 

embodiment, users are ab e to acSssS^^^ 7 " 'ogical/physical database. In a preferred 

topology resides in an MIS database P'^'^''^' 
Other aspects of the invention are exemolitied by tne atiacned claims 

now - marbVryrrp^rtrar^^^^^^^^ - — - reference will 



dTscnbL^^e^eTr:'" °' ' ^^^^'"^ -'^"°-^*P «° netwo.. management tools 

fIq 3 !s In^frfT '"T^' ^"'^ -•^''°d*men: r tne Invention: 

F gs 4a"4C I^S^^^ f "'"r '''^"""^ embodiment of the invention 

r.gB. lo 40 Illustrate a simple application of the invention 

Figs. 5A to 5D illustrate specific data structures used herein- and 

Figs 6A to 6C illustrate use of the invention in specific examples. 
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100a and 100b. Hosts 101 may b , for example, users, servers and other network et ments. Attached to on or more 
of the hosts are network management elements 109. Management elements 109 will be connected to one or more of 
the network hosts tor network managers to monitor and control the network. 

The layout of the network is illustrated with regard to physical connectivity, but another set ot relatior^ships will also 
5 exist. That is. the various elem nts of the network will also De reiatec by logical reiaiionshios For example a portion 
of the users connected to servers Ida and lOlc may b£ in one ica:ca' arcuo. wn;ie other do ^^ns of the network will 
be in other logical groups. Often it is desirable for network .-nanapt-'c^ to be anir? :c view tne rr ... ,,rK in icpicai views 
other than the physical layout of the network The emooaiment now to be oescnoed inciuoes an improved viewer 
mechanism for looking at and analyzing various portions of the network. 
10 A management system or "nerve center" 111 is provided in tne network to manage and control the network. While 

the management system 111 is illustrated as a single entity on the network, it may in many embodiments be distributed 
over multiple workstations and servers. 

The management system includes an MIS or Management Informatbn Server 113. The MIS is an object oriented 
network model that enables object definitions to be stored and manipulated by management applications 115, using 
75 object oriented tools such as classing, inheritance and scoping to represent complex resources and simplify complex 
operations. Management applications 115 interact through the network MIS rather than with each other 

System 111 will normally include a set of standard tools such as a relational database logging toot, alarm managers 
and other tools. The system is able to provide access to managed objects via a common management information 
protocol (CMIP) with management protocol adapter 119 Other system elements are supported directly through an 
20 interface such as a protocol driver manager (PDM) in the case of, for example, SunNel Manager Agent interactions. 

As shown in Fig. 1 , a particular user of the system will have applications 115 resident on his/her particular server 
or workstation. In additbn, the use] may have various tools 121, a particular graphical user interface 123 and viewer 
125. The various application utilize the resources of the nerve center to perform management tasks. A database 127 
in the nerve center provides a single source of network objects in an object oriented relational database to service the 
25 various network applications for management of the network. The system illustrated in Fig. 1 will, in a preferred em- 
bodiment, be based on the Solstice Enterprise Manager 1.1. available from Sun Microsystems, Inc. The various soft- 
ware and data elements discussed herein are stored on a memory device 1 28 such DS one or more magnetic or optical 
disc drives. 

Fig. 2 illustrates a typical screen display available to a user of the network management system disclosed herein. 
30 As shown, the system will display a viewer 201 in which the tooology of tne system (logical or pnysical) may be dis- 
played. In addition, the system may display other items of interest sucn as an alarm report 203. 

Both the logical and physical elements of the network model are stored in a common database 1 27. Fig. 3 illustrates 
the architecture of the network database 1 27 according to a preferred embodiment of the invention. The purpose of 
the topology database is to store topological information aoout the managed networked environments. Topological 
35 information is in the form of objects which represent topological nodes, views, viewnodes, and types. The topology 
database includes data of the following types: a topoTypeDB. a topoNodeDB, and a topoViewDB. These data are used 
by the system applications to manage the user's networks. 
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The topoTypeDB object class 301 contains the general relationship or rules between objects (which represent a 
topoType 303). In other words, topoTypeDB contains a list of object types. Examples of such object types would be 
servers, routers, hubs, and users. 

The topoTypeDB is a managed object class that acts as a "container" for all topoType objects. The topoTypeDB 
•^5 object class is named under the system object and only one instance ot a topoTypeDB object class can be created 
under a system. TopoType is an object class that is named under the topoTypeDB object class. 

toDoNodePB 

50 The topoNodeDB object class 305 contains a flat layout ot the objects in the particular managed networked envi- 

ronment, that is, lists of alt nodes 307 in the network and their attributes. 

The topoNodeDB is a managed object class that acts as the "container" for all lopoNode objects. This object class 
lists ail nodes and their attributes. The topoNodeDB object class is named under the system object and only one 
instance of the topoNodeDB object class can oe created under a system. 

55 TopoNode is an object class that is named under the topoNodeDB object class. The topoNode object class has 

the following features. TopoNode can be posiiionec in multiple views This attribute is allowed since the behaviour of 
"topoTypeLegalChildren" is checked lor all oaren^s soecftieo ov r-e attribuie Tne ASNl svniax of topoNodeParents 
is a set of topoNodeld's. Special secondary index queries can oe aone with actions. TopoNooe oojects can be renamed 
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The lopoNodeName attribute is unique across all topoNodes under the sam topoNode DB. The reason that topoN- 

odeNarne IS not usedasthenaming attribute is toallowrenamingoftopoNodeobjectslfatopoNooe object is ren^^^^ 
It s new name cannot be the same as the name of an existing node renamea, 

5 toonl!l^K°.f '^TT ^""""^^ ^ '^''^'"^ relationship attribute of a topoNodeParenis attr.Dute It specifies all the 
s topoNode children that are contained by this topoNode. Prooagation severity of loooNode objects can be tracked and 
propagation can be controlled such that, for example. alarrr,s are indicated In des.reo views 

Each node has an associated severity aeriveo from alarn-.s Dosied for the corresoondioq resource Ta-= raci^mo 
Of the propagated severity is performed with a -topoNodePropagateSeverity attribute This annbute is the max.mZ 
»o r^'J^uT'^^'TT °! topoNocc^ropagareSeverity of a„ ,ts cnSdIen 

w 2 «'"«~ Prapagation locally, a topoNode s 'topoNodePropagateUp" attribute is used To turn the propagation off 
Xagatrfllrs s^f:'^^^^^^^^ topoStatePropagation- attribute is used. By S.aLTth'e g't^l 

fl2T<S and torif!^!nR'^ topof^ode propagates its current severity to its parents only if its topoNodePropagateUp 
nag is on and topoNodeDB's topoStatePropagation flag is on. , f~ aaicwfj 

topoViewDB 
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Of all v^vS ^TrKSL ' '^'^'^ '^'^'"^ ^'^"'^ °' "'"^^'^ ^ -"^"^ged networked environment that is 
Z ■ "'^"^ °' ^^^^"^-^^^ °^ '°P°'09y nodes that a user rnay wish 

to use for mar^agement purposes. For example, a view of various ethemet servers in a network may be dTS to 
monitor the failure rate of such servers. Thus, a view of such servers will be formed 

TopoViewDB is a managed object class that acts as the container for all topoView objects ToDoViewHR i«.. 
views; each of these views is called a topoV.ew The topoViewDB object class is namrd unH^r ,kIT^ ! 
only one instance of the .opoV.ewDB object Cass can be created underl system A s a crrp^S °TnTa^"" 
Of a set of related managed objects For example, in a network that contain's multiple subn^w'ks Thl n^^^^^^^ 

TopoView IS an object class that lists views and is named under the topoViewDB objec class E^ch TnoV, 
Object IS called a topoViewNode. Each instance of the topoView class represents a v,ew tn an exec^^abirvS^^^^^ 
program (em.viewer in the case of SunSoft) to display objects .hat are ,n the view and s-o^e attrL^eMhat are^el^ 2h 
to the view TopoView objects show relatonshios an- h.^rnrrhy between obiec^Trsinri. n t 
under topoViewDB. but create/delete ope.-.tons are r.ot s.cooied by the Sme b,^- nc 

oVi^M^S'^n'^T'^^ ^ ^''••^^•^ ^'^ws (d,ffe"rer.t logical views) Each too- 

an^t^oNLeiht'^^^^^^^ ^ '"'^^^^^ ^'^^^^ ^ many-,o-one relationship between .rpoViewNSe 

z~ '"^"^ ~ objectsi;rexi::;:^a toXdrrc^^^ 

the S^«r«°^f ""'i*'*" ^^'o-^at'-^ally updated. Wnen a new parent is added to the topoNodeParents attribute 
the MIS creates a topoViewNode object assccaiing to the tcpoNode unaer a lopoView object which asiocStes to tie 
toThf,"" M °" ""'""^ " re-oved f rom topoNodeParents. the MIS deletes thelov'wNorob ec^^^^^^^^ 

S?a ilorilvT? °' " °' "''''''"^ '° '^^^"S^ topoNcde s toooNcceParen^s atu bu e 
main?«inlH H ^ k topoNode, topoView and topoViewNoae is maintained by the system Data n eSv is 

top^onr^^^^^^^^^^^ ~ cheated, if 

Fig. 3 includes a description of the containment of tne various obiec^s in the dP^t;=,h^c^ q -.^Z;. -r \l 

Table 1 provides general descriptions or topology types. 
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Topology Type 


[ Description 


Container 


A generic v\ew reDreseniaiion. 


Universe 


A oene-'ic viev. jcrieraity jsed at the lop level. 




; Any combinatiori c? IP netwofKi. 


j SuDnetwork 


Coniainers specific lo the Iniemei. 


Host 


An IP aevice on a network. 


Device 


A general representation of a network element. 


1 Link 


A physical connection between two network elements. | 


1 Router Bridge Hub 


Multiple interface devices capable of transferring packets between networks. | 



30 



Figs. 4A to AC illustrate various views of a network using the system herein. Fig. 4A illustrates a view of several 
routers 401 in a network. Fig. 4B illustrates a new view that has been created including only two of the routers that a 
particular user desired to monitor. Fig. AC illustrates the display after using the system to add another router to the 
view. Of course, the layout of networks is most often quite complex and Fig. 4 shows only a simple illustration. 

Figs. 5A to 5D illustrate the data formats and contents of a particular topoType (Fig. 5A)= lopoNode (Fig. 58), 
topoView (Fig. 5C), topoViewNode (Fig. 5D) Of interest, in topoNode, the topoN ode Children entry (and, not shown, 
parents) is changed upon change or deletion of. e.g., a parent or other relevant attribute. 

Fig. 5A illustrates the data structure for a topoType. Fig. 58 illustrates a topoNode entry. Fig. 5C Ittustrates a 
particular topoView entry. Fig. 5D illustrates the topoViewNode entry for node 13 in Fig. 58. 

The definition of all objects is preferably in GDMO (Guidelines for Definition of Managed Objects) format. The 
definitions according to one embodiment are shown in the file "topo.gdmo" below. The syntax for GDMO objects is 
defined in ASN.1. The file "topo asnl", set out later, provides object syntax according to one specific emoodiment of 
the invention. 

Example 
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Figs. 6A to 6C illustrate typical use of the present embodiment. A user typically identifies objects such as routers, 
hubs. Dhdges. print servers, NFS servers, and WAN links that have an impact on the greatest number of users on the 
network The typical user will then monitor only those devices, reducing the number of managed objects to create and 
monitor. 

In the system herein a view of the network can include part (or all) of a network topology or it can simply be an 
arbitrary collection of managed objects, not part of the tooology. In a small scale neuvork. one might wish lo place all 
the critical nodes into a single view of the network, as shown in Fig 3A. in this example, a network includes two subnets 
(A and B), which are connected by a router. 

For most network configurations it will be useful to have multiple views of the network to represent functional 
groupings of network devices and to represent the network topology. Using the database model discussed above, one 
might want, for example, to depict devices in particular buildings, or a view that consists only ot routers. Taking the 
example in Fig. 5A one might want to create a separate view for each subnet ac weli as seoarate views by type of 
oevtce (routers. NFS servers^ and print servers). A user wouid create these views one element at a time using a 
graphical user interface, which would then build the database elements discussed above As an example, views group- 
ing elements by function (software servers, routers, and print servers) and subnetwork(s) might be formed as shown 
in Fig. 63. A high level view is shown in Fig 6C As shown therein, cloud icons represent the separate views that have 
been created By double clicking on the ciouds. one would then see the elements within these views of the network. 
Of course tne same element may appear in multiple views For example, a particular server cculd occur in both a 
"servers" view as well as the Nct_B view, which shows ail of the nodes in that subnetwork. 

The above description is illustrative and not restrictive. Many variations of the invention will become apparent to 
those of skill in the an upon review of tnis disclosure. Merely by way of example specific database relationships have 
been used for illustration, but the invention is not so limited. 
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topo . qdno 

MODUL£ -EM Topology* 

5 OBJBCT ClASS 

topoKode MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC X0165-2 : 1992- : top; 
CHARACTERIZED BY 

topoHcdePackage ; 
REGISTERED AS { em-topo^objectClass 1 } ; 

10 

topoNodePackage PACKAGE 

BEHAVIOUR topoNodePackagePef inition BEHAVIOUR DBPXNED AS 

i Tills managed object class represent a single node In the topo 
graph. A node Is anything In the network which can be connected 
to another thing: a device, a part of a device, an Interface, a 
IS cable, etc. 

once a new topoNode Is created. If the type of the topcNode can 
contain other topoNodes« the system will create a topoVlew object 
associated to the topoNode . 

20 If a topoHode Is deleted, all topoVlew and topoVlewNode objects 

associated to the topoNode are automatically removed. 

The topoHodeKame attribute is unique across all topoKodes under 
the same topoNodeDB. The reason that topoNodeName Is not used 
for naming attribute Is to allow renaming of the object. 

25 

The topoNodeParents attribute Is a relationship attribute. It is 
used to specify the parent topoNodes which contain this topoNode. 
Note the containinent relationship is a mauiy-to-many 
relationships . It is different than the standard OSI MIT 
containment relationship, which :ls a cne-to-nvany relationship. 
30 The many-to-many relationship provides the flexibility by which 

the user can position the same topcNode Into different views. 

When a new parent is added to the topoNodeParents attribute, the 
system creates a topoVlewNode object associating to the topoNode 
under the topoVlew object which associates to the new parent. 

35 

When an old parent Is removed from the topoNodeParents attribute # 
the system delete the topoVlewNode object associating to the 
topoNode from the topoVlew object which associates to the old 
parent • 

40 The topoNodeChildren attribute is a reverse relationship 

attribute of the topoNodeParents attribute. It is used to 
specify the children topoNodes contained by this topoNode. 

I; 

0 

ATTRIBUTES 
4S topoNode Id GET, 

topoNodeName GET -REPLACE, 
topoNodeType GET -REPLACE, 
topoNodeMOSet 

DEFAULT VALUE EM-TOPO-ASNl . emptyTopoNodeMOSet 

GET -REPLACE, 
t opoNc-de Cmi pAg en t MO 

DEFAULT VALUE EM-TOPO-ANSl .nullTopoNodeWC 

GET-RBPLiACE, 
topoNodeRpcAgentMO 
topoNodeGetByType , 
top6NodeGetByMO « 

55 
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topoGetViewGraph; 
NOTIFICATIONS . 

"Rec. X.721 I ISO/IEC 10165-2 : 1992" 

objectCreatioa, 
"Rec. X.721 1 ISO/IKC 10165-2 : 1992" 

Object Deletion; 
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tOpoType MANAGED OBJECT CLASS . 

DERIVED FROM -Rec. X,721 I ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoTypePackage ; 
REGISTERED AS { em- topo-objectClass 3}; 

topoTypePackage PACKAGE 

BEHAVIOUR topoTypePackageDef inition BEHAVIOUR DEFINED AS 

I This managed object class specifies schema information that 
defines how the Topology database can be constructed ." ; 



ATTRIBUTES 

topoTypeld GET, 
20 topoTypeDerivedFrom GET« 

topoTypeAllDerivedProm GET, 
topoTypeBaseOf GET, 
topoTypeMaxVis ibleLievel 

DEFAULT VALUE EM-TOPO-ASNl-def aultMaxVisibleLevel GET, 
t opoTypeMaxTopoLe ve 1 
2S DEFAULT VALUE EM-TOPO-ASNl .def aultMaxTopoLevel GET, 

topoTypeLegalAcrs 

DEFAULT VALUE EM- TOPO- ASNl - default TopoTypes 

GET ADD, 
topoTypeAllLegalArcs GET, 
topoTypeLega 1 Chi 1 dren 
30 DEFAULT VALUE 2M- TOPO -ASNl . defaultTopoTypes 

GET ADD, 
topoTypeAllLegalChildren GET, 
topoTypeDra wMe thod 

DEFAULT VALUE EM-TOPO-ASNl . de fault Dr a wMe thod 

GET-REPLACE 



topoTypeDefaultLayer GET-REPLACE 



NOTIFICATIONS . 

"Rec. X.721 I ISO/IEC 10165-2 : 1992" 
ob j ectCreat ion , 
40 "Rec. X.721 i ISO/IEC 10165-2 : 1992" 

object Deletion, 
"Rec. X.721 I ISO/IEC 10165-2 : 1992" 
attributeValueChange ; 

# 

45 tOpoTypeDB MANAGED OBOECT CLASS. 

DERIVED FROM "Rec. X-721 1 ISO/IBC 10165-2 : 1992": top; 
CHARACTERIZED BY 

topoTypeDBPackage ; 
REGISTERED AS { em- topo- object Class 4 } ; 

topoTypeDBPackage PACKAGE 

BEHAVIOUR topoTypeDBPackageDef inition BEHAVIOUR DEFINED AS 

! This managed object class acts as the container for all 
topoType- related objects.!; 



55 



DEFAULT VALUE EM- TOPO- ASNl .nullTopoNodeMO 
GET -REPLACE, 
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topoNodeSmnAgentMO 

DEFAULT VALUE EM-TOPO-ASNl.nullTopoNodeMO 

GBT-REPIiACE, 
topoNodeDef aul CMO 

DEFAULT VALUE EM-TOPO-ASNl . nxillTopoNodeMO 

GET -REPLACE, 
topoNodeParencs GET-R2PIACE ADD-RSMOVE. 
topoNodeOiildren GET, 

topoNodePeera GET-REPLACE ADD-REMOVB, 
topoNodeManaged GET -REPLACE, 
topoNodelsManaged GET, 
topoNcxieState GET^REPLACE, 
topoNodeSe verity GET- REPLACE, 
topoNodePropagatedSeverity GET, 
topoNodePropagateOp 

DEFAULT VALUE EM-TOPO-ASKl. topoBooleaxiTrue 

GET- REPLACE, 
topoNodeDisplayStatus 

DEFAULT VALUE EM-TOPO-ASNl . einptyTopONodeDisplayStatUB 

GET- REPLACE AOD-REMOVE, 
topoNodeGe oLoca t. ion 

DEFAULT VALUE EM-TOPO-ASNl . nullGeoLocatiOQ 

GET- REPLACE, 
CoppNode Lay e r 

DEFAULT VALUE EM-TOPO-ASNl . emptyLayer 

GET- REPLACE, 
topoNodeUse rDa ta 

DEFAULT VALUE EM-TOPO-ASNl . emptyUserDaCa 

GET -REPLACE 



"Rec. X.721 I ISO/IEC 10165-2 : 1992» : 

objeccCreation, 
"Rec. X.72i i ISO/IEC 10165-2 : 1992- : 

ob jectpelecicn , 
-Rec. X.721 I ISO/IEC 10165-2 : 1992" ; 
aCtribtueValue Change ; 



DERIVED FROM "Rec. X.721 I ISO/IEC 101€5-2 : 1992" : top; 
CHARACTERIZED BY 

to pdNodePBPackage ; 
REGISTERED AS { em- topo-objectClass 2 }; 

top>oNodeDBPaekage PACKAGE 

BEHAVIOUR topoNodeDBPackageDefinirion BEHAVIOUR DEFINED AS 

IThis managed object class acts as the coctaixier for all 
topoNode- related objects. I ; 

# 

ATTRIBUTES 



topoNodeDBId GET, 
topoAllStatUS 

DEFAULT VALUE EM-TOPO- ANSI .eaiotyTopoAllStatUS 

GET- REPLACE ADD- REMOVE, 
topoAllZ^ayer 

DEFAULT VALUE EM-TOPO-ASNl .eniDtyTqpoAllLayer 

GET-REPLACE ADD-REMOVE, 
topoS tatePropagat ion 

DEFAULT VALUE EM-TOPO-ASNl . topcBooleanTruc 

GET - REPLACE , 



NOTIFICATIONS 




ACTIONS 



topoNodeGetByNaroe , 



ss 
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ATTRXBX7TBS 

topoTypeDBId GET; 
NOTIFICATIONS , 

•RCC. X.721 I ISO/IBC 10165-2 : 1992" : 

^ object/2reation, 

"Rec. X.721 i ISC/IEC 1C165-2 : 1992* : 
obj cc tDel e c icr. ; 

r 

tppoView MANAGED OBJECT CLASS , 
10 DERIVED FROM -Rec. X.721 I ISO/IEC 10165-2 : 1992- top; 

CRARACTBRIZED BY 

topoViewPackage ; 
REGISTERED AS { em-topo-objectClass 5 }; 

tppoViewPackage PACKAGE 
75 BEHAVIOUR topoViewPackage Definition BEHAVIOUR DEFINED AS 

tThis managed object class is used to store inforrnation for the 
topological view application.!; 

s 

ATTRIBUTES 

topoNodeld GET, 
20 topoViewBackgroundlmage 

DEFAULT VALUE EM-TOPO-ASNl . def aultBackgroimdImage 
GET- REPLACE. 
topoViewMapConf igFile 

DEFAULT VALUE EN-TOPO-ASNl . def aultMapConf igFile 
GET- REPLACE. 

2S topoViewMapInitxalGeoArea 

DEFAULT VALUE EM-TOPO-ASNl .def aultMapInitialGeoArea 
GET- REPLACE; 
NOTIFICATIONS . 

■Rec. X.721 I ISO/IEC 10165-2 : 1992" : 



30 



35 



40 



45 



SO 



ob jectjCreation , 
■Rec. X.721 I ISO/IEC 10165-2 : 1992" : 

objectpelet ion , 
"Rec. X.721 I ISO/IEC 10165-2 : 1992" : 

at^ributeValueChange ; 

s 

topoViewDB MANAGED OBJECT CLASS 

DERIVED FROM "Rec. X.721 | ISO/IEC 10165-2 : 1992" : top; 
CHARACTERIZED BY 

topoViewDBPackage ; 
REGISTERED AS { em-topo-objeccClass 6 ); 

topoViewDBPackage PACKAGE 

BEHAVIOUR topoViewDBPackageDef inition BEHAVIOUR DEFINED AS 

ITtlis managed object class acts as Che container for all 
topoView- related* objects. ! ; 

# 

ATTRIBUTES 

topoVie%#DBId GET, 
^opoVie%fNodeAu t dPob i t i on 

DEFAULT VALUE EM-TOPO-ANSl . topoBooleanTrue 
GET* REPLACE 

NOTIFICATIONS 

"Rec. X.721 I ISO/IEC 10165-2 : 1992" : 

ob j ectCrea tioxi , 
"Rec. X.721 i ISO/IBC 10165-2 : 1992" : 

obj ecrDelet ion ; 
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30 



3S 



40 



4S 



topoViewNode MANAGED OBJECT CLASS 

DERIVED FROMRAc, X.721 | ISO/IKC 10165-2 - 
CHARACTERIZED BY ^^^^^ 2 . 1992- : top; 

topoViewNodePackaae ; 
REGISTERED AS { em- topo-object Class 7 }; 

topoVieviNodePackage PACKAGE 

BEHAVIOUR topoViewNodePackageDefmition BEHAVIOUR DEFINED 



ATTRIBUTES 

topoNodeld GET, 

topoViewNodePosition GET-RKPLACE- 
NOTIFICATIONS ^^-i:.. 

X.721 I ISO/IEC 10165-2 : 1992' 

objectCreation, 
•RCC. X.721 I ISO/IBC 10165-2 ; 1992' 

objectDeletion, 
•Rec. X.721 I ISO/IEC 10165-2 : 1992* 
attribtueValueChange ; 



Name Bindings 



topoNodeDB- system NAME BINDING 

fx^SSP^^'^ OBJECT CLASS topoNodeDB; 
2s NAMED BY ' 

SUPERIOR OBJECT CLASS 

WllHASlBuJ^lopiNS^BW;"'"-' ' """" ' -ystem AND SUBCU^SES; 
BEHAVIOUR topoNodeDB- systemBehaviour 
BEHAVIODR DEFINED AS 

o5eet"Tr location of the topcK^.-s 

CREATE 

DELETE ONLY-IF-NO-CONTAINED-OBJECTS; 
REGISTERED AS { en,-topo-biadlag 1 

topoTypeDB-syBtem MAKE BINDING 

Sro^INATE OBJECT CLASS typoType DB; 

SX7PERI0R OBJECT CtASt 

KITH a;?I«U^1^^^?^.^°^«-= = = -y^em AND SUBCLASSES; 

BEHAVIOUR topoTypeDB-systemaehaviour 
BEHAVIOUR DEFINED AS 

Sect^tr ^'"""^^ location of the topoTypeDB 

CREATE; 

DELBTB ONLY-IF-NO-COJrrAINBD-OBJECTS- 
REGISTERED AS { en-topcbindinTr) i 

t^^ViewDB- system NAME BINDING 

S^niATB OBJECT CU^SS topoViewDB; 

SO SUPERIOR OBJECT CLASS 

"Rec. x.721 j ISO'ISC 101fi5-5 . Too->« 
WITH ATTRIBUTE topoViewDBId • ' ' systeic AND SDBCZASSES; 

BEHAVIOUR topoViewDB-systemBehaviour 
BEHAVIOUR DEFINED AS 

^^^9 defines the location of the topoViewDB 
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object. ! ; 

# 

CREATE 

DELETE ONLY- IF-NO- CONTAINED- OBJECTS; 
REGISTERED A5 { em- tope -exuding 3 }; 

topoNode-topoNodeDB HAMS BINDING 

SUBORDINATE OBJECT CLASS copoNcde; 
NAMED BY 

SUPERIOR OBJECT CLASS topoNodeDB; 
WITH ATTRIBUTE topoNodeld; 
BEHAVTOUR topoKode-topoNodeDBBehaviouT 
BEHAVIOUR DEFINED AS 

J This name binding defines the location of topoNode objects. 1; 

CREATE KITH-AUTC»(ATIC-IKSTANCE-KAMING; 
DELET E O NLY- IF-NO- CONTAINED- OBJECTS ; 
REGISTERED AS { em -topo- binding 4 ); 

topoType-topoTypeDB NAME BINDING 

SUBORDINATE OBJECT CLASS tc^oType; 
NAMED BY 

SUPERIOR OBJECT CLASS topoTypeDB; 
WITH ATTRIBUTE topoTypeld; 
BEHAVIOUR topoType-topoTypeDBBehaviour 
BEHAVIOUR DEFINED AS 

!Tbis name binding defines the location of top>oType objects.!;^ 

« 

CREATE 

DELETE ONLY-IF-NO-CONTAINED-OBJECTS; 
REGISTERED AS { em- topo- binding 5 }; 

tOpoView-topO-ViewDB NAME BINTING 

SUBORDINATE OBJECT CLASS tcpoView; 
NAMED BY 

SUPERIOR OBJECT CLASS topoViewDB; 
WITH ATTRIBUTE topoNodeld; 
BEHAVIOUR topoView-cop>oViewDBBehaviour 
BEHAVIOUR DEFINED AS 

I This name binding defines the location of topoView objects. 
This name binding doesn't support create and delete management 
operations . l ; 

; 

REGISTERED AS { em- topo -binding 6 }; 

topoViewNode-topoView NAME BINDING 

SUBORDINATE OBJECT CLASS topoVie%irNode ; 
NAMED BY 

SUPERIOR OBJECT CLASS topoView; 

WITH ATTRIBUTE topoNodeld; 

BEHAVIOUR topoViewNode - topoViewBehaviour 

BEHAVIOXJR DEFINED AS 

!This name binding defines the location of topoViewNode objects. 
This name binding doesn't support create and delete management 
operations . 1 ; 

§ 

REGISTERED AS { em- topo -binding 7 }; 

— Attributes 

tqpoAllLayer ATT RIBU TE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoAllLayer ; 
MATCHES FOR EQUALITY, SET- COMPARISON, SET- INTERSECTION ; 
BSHAVIOXIR topoAllLayerBehaviour BEHAVIOUR DEFINED AS 
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iThis attribute identifies the list of allowed layer for 
topoNodeLayer . I ; 

J 

REGISTERED AS { em- topo- at tribute 1 }; 

topoAllStatUS ATTRIBUTS 

WITH ATTRIBUTE SYNTAX SM-TOPO-A^X" . To:>cAllSratus ; 
MATCHES FOR EQUALITY. SBT-COMPARISOn/ SET -INTERSECTION - 
BEHAVIOUR topoAllStatusBehaviour BEHAVIOUR DEFINED AS ' 

J This attribute identifies the list of allowed displav status for 
topoNodeDisplayStatus. ! ; " 

9 

REGISTERED AS { em- topo-at tribute 2 }; 

topoNodeChil dre n ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM - TOPO - ASNl . TopoNode s ; 

MATCHES FOR EQUALITY, SBT-CC»4PARISON, SET- INTERSECTION • 

BEHAVIOUR topoNodeChildrenBehaviour BEHAVIOUR DEFINED AS AS 

IThis attribute contains a list of all topoNode objects which are 
logically children of this topoNode object.*; 
; 

REGISTERED AS { em- topo-at tribute 3 }; 

topoNodeCmipAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . TopoNodeMO; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeCmipAgentMOBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the CMIP agent object that is 
represented by this topoNoae object.!; 

# 

REGISTERED AS { em- topo -attribute 4 } ; 

topoNodeDBId ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . TopoNul lid • 
MATCHES FOR EQUALITY? 

BEHAVIOUR topoNodeDBIdBehaviour BEHAVIOUR DEFINED AS 

IThis is a distinguished attribute of the topoNodeDB object- 1; 

REGISTERED AS { em- topo-attribute 5 ); 

topoNodeDefaultMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM- TOPO- ASNl . TopoNodeMO; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeDefaultMOBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the muaged object that is used as the 
default MO for launching request templates.!; 

« 

REGISTERED AS { em- topo- attribute 6 }; 

topoHodeDisplayStatus ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . TopoNodeDisplayStatus • 
MATCHES FOR EQUALITY, SET- COMPARISON, SET- INTERSECTION; 
BEHAVIOUR topoNodeDisplayStatusBeahviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the list of display status defined by 
users. Each entry of the list is a pair of attribute ID and 
value (integer only) . One example is performance. Allowed 
attribute ID is specified by t cpoDat abase :: alls tatus . I ; 

REGISTERED AS { em- topo-attribute 7 ); 

topoNodeGeoLocation ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TopoNodeGeoLocation; 
MATCHES FOR EQUALITY; 
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BEHAVZOX7R topoNodeGeoLocationBehaviour BEHAVIOUR DEFIKBD AS 

I This attribute Identifies the longitude and latitude of the topo 
node. The default value Is KULL. ! ; 

5 RBGISTBRED AS { em- topo- at tribute 8 }; 

topoNodeZD ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPC - ASKi .TopoNodeld; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoKodeBehaviour BEHAVIOUR DEFINED AS 
70 !7%i8 Is a distinguished attribute of the topoNode object.!; 

REGISTERED AS { em-topo-attribute 9 }; 

topONodeLayer ATTRIBUTE 

WITH ATTRIBUTE SYKTAX EM-TOFO-ASKl .TopoNodeLayer ; 
IS MATCHES FOR EQUALITY; 

BEHAVIOUR toi>oNodeLayerBehavior BEHAVIOUR DEFINED AS 

iThis attribute identifies the layer that the topo node is on.l; 

REGISTERED AS { em- topo->attribute 10 }; 

20 topONodeMOSet ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl .TcpoNodeMOSet ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeMOSetBehaviour BEHAVIOUR DEFINED AS 

!Thls attribute identifies the managed objects elsewhere in the 
management information tree that are represented by this topoNode^v 
2s object.!; 

REGISTERED AS { em- topo- attribute 11 }; 

topoNodeName ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM - TOPO - ASNl . TopoNodeName; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeNameBehaviour BEHAVIOUR DEFINiX) AS 

IThis attribute can be used to provided a user- friendly label for 
the topoNode . ! ; 

; 

REGISTERED AS { em- topo- attribute 12 }; 

35 topcNodeParents ATTRIBUTE 

WITH ATTRIBUTE SYNTAX BM-TOPO-ASHl -TopoNodes ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeParentBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies t.he logical parent topoNodes of this 
topoNode . ! ; 

40 

REGISTERED AS { em- topo- attribute 13 }; 

topoNodePeers ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM - TOPO - ASNl . TopoNodes ; 
MATCHES FOR EQUALITY, SET-CC»^PARISON, SET- INTERSECTION; 
4S BEHAVIOX7R topoNodePeersBehaviour BEHAVIOUR DEFINED AS 

IThis attribute contains a list of all topoNode objects which are 
logically connected to this topoNode object. 1; 

# 

REGISTERED AS { em- topo- attribute 14 ) ; 

so topoNodePropagatedSeverity ATTRIBUTS 

WITH ATTRIBtJTE SYNTAX EM-TOPO-ASNl . TopoNodeSeverxty ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodePropagatedSeverityBehaviour BEHAVIOUR DEFINED AS 

IThis attribute specifies what propagated severity the topology 

55 
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70 



IS 



20 



2S 



30 



35 



node has • 1 ; 
REGISTERED AS { em- topo- attribute IS ) ; 

topoNodePropagateUp ATTRIBUTE 

WITH ATTRIBOTB SYNTAX EM-TOPO-ASKl . TopoBooiean; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodePropagacedBehaviour BE31AVIOUR DEFINED AS 

!This attribute specifies whether the topology node should 
propagate its state to i^'^s parents. 1; 

REGISTERED AS { em- topo- attribute 16 }; 

topoNodeRpcAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYKTAX EM-TOPO-ASNl .TopoNodeMO 
MATCaOSS FOR EQUALITY; 

BEHAVIOUR topoNodeRpcAgentMOBehaviour BEHAVIOUR DEFINED AS 

I This attribute identifies the RPC agent object that is 
represented by this topoKode object.!; 

REGISTERED AS { em- topo- attribute 17 } ; 

topoNodeSeverity ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM - TOPO -ASNl . topoNodeSeverity ; 
MATCHES FOR EQUALITY; 

BEHAVIOTOtopoNodeSeverityBehaviour BEHAVIOUR DEFINED AS 

■ This attribute specifies what severity the topology node has.* 

REGISTERED AS { em- topo -attribute 18 }; 

topoNodeSnmpAgentMO ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . TopoNodeMO; 
MATCHES FOR EQUALITY; 

BEHAVIOURtopoNodeSnmpAgentWOBehaviour BEHAVIOUR DEFINED AS 

!This attribute idencif ies the SNMP Proxy Agent object that is 
represented by this topoNode object. !; 

REGISTERED AS { em- topo-attribute 19 ); 



topoNodeState ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoNodeState ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeStateBehaviour EEHA^/IOUR DEFINED AS 

I This attribute specifies what the state of the topology node 
40 is . 1 ; 

REGISTERED AS { em- topo-attriJsute 1. 1 }; 

tppoNodeType ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASHl . topoNodeTypeld; 
45 MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeTypeBehaviotir BEHAVIOUR DEFINED AS 

tThis attribute identifies the topoType object in the topology 
database which describes tbe purpose and behaviour of this 
topoNode object. This attribute may only De set to a new type 
which is derived from the existing type of the topoNode. 1; 

so s . 

REGISTERED AS { em -topo- attribute 21 >; 

topoStatePropagation ATTRIBUTE 

WITH ATTRIBUTB SYNTAX BM-TOPO-ASNl . TopoBooiean; 
MATCHES FOR EQUALITY; 
55 BEHAVIOUR topoStatePropagationBehaviour BEHAVIOUR DEFINED AS 
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ITIiis attribute identifies whether the state propagation should 
be performed for all topology nodes . 1 ; 

^ RBGZSTBRBD AS { em- topo »at tribute 22 }; 

topoTypeAllBaseOf ATTRIBUTE 

WITH ATTRIBUTE SYNT/xX EM-TGP-D-AJ::i . t3tx>Tvr>es : 

MATCHES FOR EQUALITY, S£T-COK?AilISON, SET - INTESlSSCTION ; 

BEHAVIOUR topoTypeAllBaseOfBehaviour BEHAVIOUR DEFINED AS 

I This attribute names the topoType obneccs that have this 
' topoType object as a logical base class through any nuiKi^er of 

derivations . J ; 

RBGXSTERBD AS { em- topo- attribute 23 }; 

topoTypeAllDerivedFrom ATTRIBUTE 

WITH ATTRIBUTE SYNTAX BM - TOPO - ASNl . topoType s ; 

MATCHES FOR EQUALITY, SBT-CC»!PARISON. SET- INTERSECTION; 

BEHAVIOUR topoTypeAllDerivedFromBehaviour BEHAVIOUR DEFINED AS 

IThis attribute names the topoType objects that this topoType 
object is logically derived from through any number of 
20 derivations . 1 ; 

RBGXSTERBD AS { em- topo* attribute 24 }; 

topoTypeAllXiegalArcs ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoTypes ; 
25 MATCHES FOR EQUALITY. SET- COMPARISON, SET- INTERSECTIONS- 

BEHAVIOUR topoTypeAllLegalArcsBehaviour BEHAVIOUR DEFINED AS 

!This attribute names the topoType objects thaz this top>oType 
object can connect to, including those specified by any base 
types . ! ; 

s 

30 REGISTERED AS { em- topo- attribute 25 }; 

topoTypeAllLegalChildren ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM- TOPO - ASNl . topoType s ; 
MATCHES FOR EQUTILITY, SET-CC»lPARISON, SET- INTERSECTION; 
BEHAVIOUR topoTypeAllLegalChildrenBehaviour BEHAVIOUR DEFINED AS 
35 IThis attribute names the topoType objects that this topoType 

object can contain, including those specified by any base 
types . ! ; 

REGISTERED AS { em -topo- attribute 26 } ; 

40 topoTypeBaseOf ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM - TOPO - ASNl . topoType s ; 

MATCHES FOR EQUALITY, SET -COMPARISON, SET- INTERSECTION; 

BEHAVIOUR topoTypeBaseOfBehaviour BEHAVIOUR DEFINED AS 

IThis attribute names the topoType objects that directly name 
this topoType object as a logical base class, l; 

45 

RBGZSTBRBD AS { em- topo -attribute 27}; 



topoTypeDBId ATTRIBUTE 

WITH ATTRIBUTE SYNTAX BM-TOPO-ASNl .TppoNullId; 
SO MATCHES FOR EQUALITY; 

BEHAVIOUR topoTypeDBIdBehaviour BEHAVIOUR DEFINED AS 

JThis is a distinguished attribute of the topoTypeDB object. I ; 

RBGISTBRBD AS { em- topo- attribute 28 } ; 
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eopoTypeDef at^^Layer ATTRIBUTE 

KITH ATIRIBUTB SYNTAX EH-TOPO-ASHl. topoTypeDefaultLayer; 
MATCHES FOR EQUALITY; 
5 BEHAVIOUR ^opoNodeX>efault.UiyerBe>iaviour BEHAVIOUR DEFIHEb AS 

IThls attribute identifiee che default layer that is used by the 
eopo node . i ; 

REGISTERED AS { em- topo- attribute 29 }; 

topoTypeDerivedFrom ATTRIBXTTB 

WITH ATTRIBUTE SYKTAX EM-TOPC-AS>n. . topoTypes ; 
HATCHES FOR EQUALITY, SET- COMPARISON, SET- INTERSECTIONS- 
BEHAVIOUR topoTypeI>erivedPromBehavio\ir BEHAVIOUR DEFINED AS 

I This attribute names the topoType objects that this tppoType 
object is logically derived from. ! ; 



IS 



REGISTERED AS { em- topo- attribute 30 }; 



topoTypeDrawMethod ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM- TOPO-ASMl. topoTypeDrawMethod; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoTypeDrawMethodBehaviour BEHAVIOUR DEFINED AS 

IThis attribute defines the drawable of the topoType object.!; 

REGISTERED AS { em- topo- at tribute 31 }; 

topoType Id ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . tOpoTypeld; 
25 MATCHES FOR EQUALITY; 

BEHAVIOUR topoTypeldBehaviour BEHAVIOUR DEFINED AS 

!This attribute is the distinguished attribute for a topoType 
object. ! ; 

REGISTERED AS { em- ropo- attribute 22 }; 

30 

topoTypeLegalArcs ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoTypes ; 
MATCHES FOR EQUALITY, SET- COMPARISON. SET- INTERSECTION; 
BEHAVIOUR topoTypeMaxLegalArcsBehavioxir BEHAVIOUR DEFINED AS 
35 IThis attribute identifies the topoTypes that may legally form 

arcs with this topoType.!; 

s 

REGISTERED AS { em- topo- attribute 33 }; 

topoTypeLegalChildren ATTRIBUTE 
40 WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topK3Types ; 

MATCHES FOR EQUALITY, SET -COMPARISON, SET- INTERSECTION; 
BEHAVIOUR topoTypeMaxLegralChildrenBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the topoTypes that may legally be 
children of this topoType.!; 



45 



REGISTERED AS { em- topo -attribute 34 }; 



topoTypeMaxTopoLevel ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl. tOpoTypeMaxTopoLevel ; 
MATCHES FOR EQUTkLITY. CPJDBRING; 

BEHAVIOUR topoTypeMajcTopoLievelBehaviour BEHAVIOUR DEFINED AS 

IThis attribute identifies the highest abstract graph level that 
this node participates in the topology. A topoNode may not have 
more than one arc to each abstract graph level higher than 
this . 1 ; 

RBGISTERSID AS { em- topo- attribute 35 }; 

55 
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topoTypeMaxVisibleLevel ATTRIBUTE 

WITH ATTRIBUTE SYNTAX KM-TOPO-ASNl. topoTypeMaxVisibleLevel; 
MATCHES FOR EQUALITY, ORDERIKG; 

BEHAVIOUR CopoTypeMaxVisibleLevelBebaviour BEHAVIOUR DEFINED AS 

I This attriboite identifies the highest abstract gxaph level that 
this node logically appears in. A topoNode may not have any arcs 
to an abstract graph level higner than this.!; 

REGISTERED AS { em- topo -at tribute 36 }; 

topoViewBackgroundlonage ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASKl - topoViewBackgroundlmage; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewBackgroiindlmageBehaviour BEHAVIOUR DEFINED AS 

iTliis attribute contains the relative file name of a image to 
^ display in the view, i ; 

REGISTERED AS { em- topo- at tribute 37 }; 

topoViewDBId ATTRIBXTTB 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoMUllId; 
HATCHES FOR EQUALITY ; 
20 BEHAVIOUR topoViewDBIdBehaviour BEHAVIOUR DEFINED AS 

I This is a distinguished attribute of the topoNodeDB object.!; 

REGISTERED AS { em- topo- attribute 38 }; 

topoViewMapConf igPile ATTRIBUTE 
2S WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoViewMapConf igFile ; 

MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewMapConf igFileBehaviour BEHAVIOUR DEFINED AS 
IThis attribute is the file for vector (geographic) map 
configuration. ! ; 

REGISTERKD AS { em- topo- at tribute 39 }? 

topoViewMapInitialOeoArea ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNl . topoViewMapInitialGeoArea ; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewMapInitialGeoAreaBehaviour BEHAVIOUR DEFINED AS 
IThis attribute is to specify the initial zoom area of the 
geographical map. ! ; 

; 

REGISTERED AS { em- topo- attribute 40}; 

topoVie%#NodePo8ition ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EH-TOPO-ASNl . topoViewNodePosition; 
^0 MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewNodePositionBehaviour BEHAVIOUR DEFINED AS 

IThis attribute contains x,y coordinates of the topoNodeView 
image to be displayed in the view . I ; 
; ( 

REGISTERED AS { em- topo -at tribute 41 ) ; 

45 

topoNodelsManaged ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EM-TOPO-ASNX.topoNodeManaged; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodelSManagedBehaviour BEHAVIOUR DEFINET AS 

IThis attribute epecifiec the logical and cf r:his nodes 
so topoNodeManaged attribute with that of its parent's 

topoNodelsManaged attribute.!; 

REGISTERED AS { em- topo-attribute 42 }; 
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topoN deManaged ATTRIBXXTB 

WITH ATTRIBUTB SYNTAX BH-TOPO-ASNl .TopoNodeManaged; 
MATCHES FOR BQUALITT; 

BEHAVIOUR topoNodeManaged BEHAVIOUR DEFXKED AS 
^ iTlsiis attribute specifies whether the topoMode should be managed 

by applications . i ; 

REGISTERED AS { em- topo -attribute 43 }; 

topoNodeUserData ATT RIBUTE 
^0 WITH ATTRIBUTE SYKTAX EH-TOPO-ASKl . topoNodeUserDara.- 

MATCHES FOR EQUALITY; 

BEHAVIOUR topoNodeUserDataBehaviour BEHAVIOUR DBFIMED AS 

IThis attribute specifies a user defined data to be stored with 
the tppoNode . ! ; 

15 REGISTERED AS { em- topo- attribute 44 }; 

topoViewNodeAutoPosition ATTRIBUTE 

WITH ATTRIBUTE SYNTAX EN-TOPO-ASNl . TopoBoolean; 
MATCHES FOR EQUALITY; 

BEHAVIOUR topoViewNodeAutoPositionBehaviour BEHAVIOUR DEFINED AS 
20 IThis attribute specifies if at the creation time the position of 

the topoViewNode is automatically generated. I ; 

REGISTERED AS { em- topo- at tribute 45 }; 

- - Actions 

25 

topoNodeGetByName ACTION 

BEHAVIOUR topoNodeGetByNameBehaviour BEHAVIOUR DEFINED AS 

■This action returns the topoNodeld of the topoNode whose 
topoNodeName attribute matches the input namel; 

3^ WITH INFORMATION SYNTAX EM- TC PO-ASNl . TopoNodeName ; 

WITH REPLY SYNTAX ©l-TOPO- ASKl . TopoNodes ; 
REGISTERED AS { em-topo-action l}; 

topoNodeGetByType ACTION 

BEHAVIOUR topoNodeGetByrypeBehaviour BEHAVIOUR DEFINED AS 

miis action recums a list of topoNodelds o£ the topoNodes whose 
topoNodeType attributes match the input type l ; 

WITH INFORMATION SYNTAX BM-TOPO-ASNl .TopoTypeld; 
WITH REP LY SYNTAX EM-TOPO- ASNl . TopoNodes ; 
REGISTERED AS { em-topo-action 2 } ; 

topoNodeGetByMO ACTION 

BEHAVIOUR topoNodeGetByMOBehaviour BEHAVIOUR DEFINED AS 

IThie action returns a list of topoNodelds of the topoNodea which 
represent the input managed object 1 ; 

WITH INFORMATION SYNTAX BM-TOPO-ASNl .TopoNodeMO; 
WITH REPLY SYNTAX KM- TOPO-ASNl .TopoNodes ; 
RBGISTBRBD AS { em- topo- action 3 } ; 

topoGetViewGrapb ACTION 

BEHAVIOUR tc^XiGetViewGraphBehaviour BEHAVIOUR DEFINED AS 

IThis action returns the hierarchy of all topoViews ! 

so 

WITH INFORMATION SYNTAX EM-TOPO-ASNl -TopoNullId; 
WITH REPLY SYNTAX EM-TOFO-ASNl .TopoViewGraph; 
REGISTERED AS { em-topo-action 4 } ; 
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toDo>aml 

BM-TOPO-A5M1 { 

isod) orgO) dod(6> internet <1) private (4) entierprises (1) sun (42) 
^ ^ products (2) inana9ed(2) em(2) newt:opo(40) 

DEFINITIONS : : - 
BEGIN 

10 IMPORTS 

Ob j ect Ins tance 

FROM CMIP-1 { joint-iso-ccitt ms (9) cmipd) modulesCO) protocol{3) }; 

em-topo OBJECT IDENTIFIER : { 

iso(l) org (3) dod(6) internet (1) private (4) enterprises ( 1 } sun (42) 
IS ^ products (2) management ( 2 } em(2} topology(40} 

em-topo-objectClass OBOBCT IDENTIFIER ::■ { em-topo 3 } 
em-topo- binding OBJECT IDENTIFIER : ;« { em^topo € ) 
em- topo-at tribute OBJECT IDENTIFIER ::« { em-topo 7 } 
em-topo-action OBJECT IDENTIFIER : :« { em-topo 9 } 

20 

Default Values 

nullTopoNodeMO topONodei^ null : NULL 
e!i5>tyTopoNodeMOSet TopoNodeMOSet : : « ( i 
enqptyTopoAllStatus TopoAllStatus : : « { } 
eiiqptyTopo2U.lLayer TopoAllLayer : : • { ) 
25 de£aultDrawMethod TopoTypeDravMethod circle 

nullGeoLocation TopoNodeGeoLocation : :« null : NULL 
defaultTopoTypeDefaultLayer TcpoTypeDe fault Layer ::» "default" 
en^tyliayer TcpoNodeLayer : :« 

einptyTopoNodeDisplayStatus TopoNodeDisplayStatus { } 

defaultMaixVisibleLevel TopoTypehiaxVisibieLevel ; :■ o 
defaultMaxTppoXievel TopoTypeMaxTopoLevel ::- 0 
def aultTopoTypes TopoTypes : : • { } 

def aultBackgroundlmage TopoViewBacKgroimdlmage : : » • • 
defaultMapConf igFile TopoVieirfMapConf igFile : 

defaultMapInitialGeoArea TopoViev^plnitialGeoArea : :• null:NULL 
tcpoBolleanTrue TopoBooleam : :« TRUE 
topoBooleanFalse TopoBoolean : : « FALSE 
enptyUaerData TopoNodeUserData : : • « " 
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Top^lullld MX7LL 

TopcAlIStatus xzm SET OF GraphicString 
Topo^lLayer : SET OF GraphicString 
TopoBoolean : : - BOOLEAN 

TopoNodeld INTEGER (0 .. 42949672 95 ) 

Top^odeState ::- INTEGER (0. .4294967295) 

TppoNodeSeverity : INTEGER (O. . 4294967295) 

TopbNodeMO ::- CHOICE { 

object Objectlnstamce, 
null NULL 

} 

TopoNodeMOSet SET OF Object Ins tance 

55 



BNSDOCID. <EP 0773649A2. L> 



19 



EP 0 773 649 A2 



Top NodeName : : - GraphicString 

TopoNodes ::- SET OP TopoNodeld 

TdpoNodeDisplayStatUS : : » SET OP SEQUENCE { 
Status GraphicString , 

value INTEGER 

} 

TOpoNodeliayer : :« GraphicString 

TopoNode6eoX«ocation : : » CHOICE ( 
null NIILL 
value SEQUENCE { 

latitude RBAL, 
longitude REAL 

} ^ 

TopoNodeUoerData GraphicString 
TopoTypeld: GraphicString 

TopoTypeMaxVisibleLevel ::- IKTEGER (-32768 32767) 
TopoTypeMaxTopoLevel INTEGER (-32768 32767) 

TopoTypes : : » SET OF TopoTypeld 

TopoTypeDrawMethod ; : » ENUMERATED { 

circle (o) , 

square (i) , 

rectangular (2), 

triangle {3} , 

hexagon (4), 

J line (5) 

TopoTypeDef aultLayer : : - GraphicString 

TopoViewNodePosition SEQUENCE { 

X INTEGER, 
J y INTEGER 

TopoViewBacJcgroundlmage : :« Graphic String 

TopoViewMapConf igPile GraphicString 

TopoViewMapInitialGeoArea ::- CHOICE { 

null NULL 

area SEQLTINCE { 

centerLatitude REAL, 
centerLongitude REAL, 
widthlnKm REAL 

) 

TopK>NodeManaged : : - BOOLEAN 

TopoNodeData : : m SEQUENCE { 
Id TopoNodeld, 
name TopoNodeName 
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} 

TopoViewGraphNode : : » SEQUENCE { 

node TopcNodeDatia , 

^ parents SET cr TcpcNodeDat.* 

TopoViewGraph : : = SET OF TopoViewGrapaNode 
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Claims 

1 . A computer network comprising: 



a plurality of network nodes and interconnections: 

a network management system comprising a database of managed network resources, said database of man- 
aged network resources defining network nodes, associated node types and associated views of said nodes, 
the system being operable to modify said views based on user input changes in attributes of said nodes, and 
a plurality of network management users, said netv/ork management users being arranged to display views 
of said network using said network management database. 

^5 2. A computer network as claimed in claim 1 wherein said attributes of said nodes comprise parent relationships. 

and the system being arranged to form a new view node each time a new parent is added to an attribute of a node. 

3. A computer network as claimed in claim 2 wherein the system is arranged to delete a view node each time a parent 
is deleted from attributes of a node 

30 

4. A computer network as claimed in claim 1 . 2 or 3 wherein said parent relationships include logical and physical 
parent relationships. 

5. A computer network as claimed in claim 1 . 2, 3 or 4 comprisinp a network viewer on a plurality of user workstations, 
3S so that said user workstations can form views of said network based on said database of managed network re- 
sources. 



6. 



A computer network as claimed in any one of the preceding claims wherein said network nodes are defined by a 
node database object class, said node database objeci dass containing: ncoe cc^i^. a :ypc database object 
class, said type object class containing network object types, and a view database object class said view database 
object class containing view objects of said network. 

A computer network as claimed in claim 6 wherein said nodes are associated with a severity wherein alarms 
posted for a particular node are propagated to selective views ol said network. 

8. A computer network as claimed in claim 1 wherein views of said network are created by said network management 
system when a new node is added to said system. 

9. A computer network as claimed in any one of the precednc claims and inciudioc one o\ mote storage media 
conveying software defining said database and a network aaminisiraiion program, said .-evwcrk administration 
program modifying said views of said nodes based on user input of changes in attnbuies ot said nodes. 

10. A method of managing a computer network comprising 

forming an object oriented dair:--.-.se of managed network resources, said database of managed network re- 
sources comprising n twork r:. associated node types and associated views s=^ic nodes: 
displaying a plurality of vi ws i^a\o n<^iworK using said Gaiabase of manared neiwcrr: re^-ources and 
modifying said views based on user input changing said nodes in saic database oi managea network 
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11. A method as claimed recited in claim 10 and comprising the steps of: 

defining parent relationships of said nodes; and 

fomning new views based on additions of parents to a node. 

5 

12. A method as claimed in claim 11 and ccmprisinp deleting a view node when a parent is deleted from a node. 

13. A method as claimed in claim 10. 11 or 12 wherein said step of forming an ODiect oriented database of managed 
network resources comprises the steps of: 

10 

forming a node type class containing a plurality ot node type objects: 

forming a node type class containing a topogrophy of nodes in said network: and 

forming a view type class containing views of objects in said network. 

'5 14. A method as claimed in claim 10, 11 , 12 or 1 3 and comprising the step of defining alarm severity for at least one 
node in said database, said severity defining when alarms are propagated to other nodes in a view of said network. 

15. One or more storage media conveying software comprising: 

a database of managed network resources, said database of managed network resources comprising network 
nodes, network node types, and views ot said nodes: and 

a network administration program, saio network administration program modifying said views of said nodes 
based on user input of changes in attributes of said nodes. 

?5 16. A method as claimed in claim 9 or media as claimed in claim 15, the software comprising a network viewing 
program, said network viewing program being operable to display various views of said network based on user 
selection Input. 

17. A method as claimed in claim 9 or 15 or rr,Ba\a as claimed in claim 15 or 16 the software comprising an alarm 
?o propagation system, said alarm propagation system Demg operable to propagator alarms in views of said network 

based on propagation severities associated with said nodes. 
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Parent FDN I topoTyp9DBic=Nuii 



Object Class I "Em Topology":topoType 



topoTypeAIIBaseOf |l { "Network", "Universe", "Subnetwork"} 



topoTypeAIIDerivedFrom |l ( } 



topoTypeAIILegalArcs I { "Link" ) 



topoTypeAIILegalChildren |l { "Network", "Universe", 'Router, "Hub", "Link", 



topoTypeBaseOf |l { "Subnetwork", "Network", "Universe" } 



topoTypeDefaultLayer I Default 



topoTypeDerivedFrom I { } 



topoTypeOrawMethod I circle 



topoTypeld I Container 



topoTypeLegalArcs (I { "link" } 



topoTypeLegalChildren I { "Device". "Link", "Container" } 
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Parent FDN I topoViewDBIcj=Nu{i 



Object Class I "Em Topoiogy':topo View 



topoNodeld [1 0 
topoVtewBackgroundlmage 
topoViewMapConfigRle 



I 



I 



topoViewMaplnitialGeoArea 1 1 null : NULL 



nameBinding I "EM Topology":topo\/iew-topoViewDB 



objectClass I globalForm : "EM Topology":topoView 
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